In order to assess the genetic diversity and genetic relationships among the six commercial pig breeds including the Korean native pig, we performed an amplified fragment length polymorphism (AFLP) analysis. Applying the three EcoRI/Tag I primer combinations to 54 individual pig samples out of six breeds, a total of 186 AFLP bands were generated, 67 (36%) of which were identified as polymorphic bands. From these polymorphic bands, the three estimates (percentage of polymorphic loci, Neis heterozygosity and Shannon index) of genetic diversity, G ST estimates, Neis unbiased genetic distance and two indices of genetic similarity were calculated. From all the calculations of genetic diversity, the lowest genetic diversity was exhibited in the Korean native pig, and the highest in the Chinese Yanbian pig. Given the mean G ST value (G ST = 0.390) across all pigs examined, levels of apparent breed subdivision were considerable. A UPGMA tree of individuals based on Jaccards similarity index showed that the Korean native pig formed a distinct cluster from the other five pigs. In addition, the tree displayed that all the individuals except for six individuals were grouped into their breeds. Principal component analysis based on the binary data matrix of either presence or absence confirmed the distinctness of the Korean native pig from the other pigs. Our results indicate that the Korean native pig has a low level of genetic diversity and is distinct from the five pig breeds, confirming the results from previous microsatellite data. The findings also suggest that AFLP analysis may be a valuable tool for revealing genetic relationships and genetic diversity among different pig breeds.
INTRODUCTION
Since early of the 20th century, Korean native pigs have been drastically decreased due to their low productivity and poor genetic traits compared with the commercial imported breeds. For last one century, many Korean native pigs have been crossbred with the commercial foreign breeds for upgrading their economic traits, such as body weight, fat traits, fecundity, and so forth. Consequently, Korean native pig is facing a crisis to lose their uniqueness through extensive hybridization with foreign breeds. However, in the recent times, several animal breeders and geneticists have put their efforts to improve and preserve Korean native pig as a unique genetic resource (Yeo et al ., 1997 (Yeo et al ., , 2000 . For last a few decades, they have standardized performance of Korean native pig and have improved economic genetic traits of the native pig.
Recently, genetic studies have been used to identify genetic characteristics and to infer levels of genetic variation of Korean native pig (Yeo et al ., 1997; Kim and Choi, 2002) . Especially, microsatellite analysis indicated that Korean native pig, the Black pig, has a low level of genetic diversity and has been genetically subdivided from the commercial non-Korean pigs (Kim and Choi, 2002) . However, the study did not clearly establish the genetic relationships among six pigs studied. The main reason is probable due to the choice of microsatellite markers as well as an unclear entity of pigs examined. Microsatellite markers have been successfully used to assess the genetic structure and genetic diversity of closely related domestic animals, while the markers may give poor information in establishing genetic relationships among these animals.
Profiling of the genome by DNA fingerprinting can yield more information in documenting the relationships of domestic animals. Various systems of markers that are representative of the whole genome have been developed. Amplified fragment length polymorphism (AFLP)
Edited by Naruya Saitou * Corresponding author. E-mail: kjwynu@yu.ac.kr technology is a DNA fingerprinting technique that combines both a classical, hybridization-based fingerprinting method and a PCR-based fingerprinting method (Vos et al ., 1995) . The DNA polymorphisms identified by AFLP technology are typically inherited in Mendelian fashion and may, therefore, be used for typing, for the identification of molecular markers, for mapping of genetic loci, and for establishing relatedness between DNA samples. AFLP markers have been used for the relationship analysis mainly of plants or bacteria, and as a genetic marker for the construction of a genetic map (Janssen et al ., 1997; Simons et al ., 1997; Van der Lee et al ., 1997; Qi and Lindhout, 1997) . Recently, AFLP markers have been used successfully for DNA fingerprinting and for studies of genetic relationships in closely related domestic animals (Ajmone-Marsan et al ., 1997; Ovilo et al ., 2000; Kim et al ., 2001a) .
In this paper, we estimated genetic relationships among the six different pigs including the Korean native pig using AFLP markers. We also presented the genetic variability within and between the six pigs and compared the data with the results from the previous microsatellite analysis.
MATERIALS AND METHODS
Sample collection and DNA extraction Blood samples were collected from a total of 54 individuals of six different breeds: ten Korean native pig (KNP; the Black pig), ten Chinese Yanbian pig (CYP), ten Japanese Kagoshima pig (JKP), eight Duroc, eight Landrace and eight Yorkshire. The Black pig was sampled from the suburbs of Pohang, Kyungpook Province, Korea. The Black pig has been recognized as one of Korean native pigs (Yeo et al ., 2000) . Blood samples of the CYP and JKP were obtained from Yanbian area of North China and Kagoshima Prefecture of Japan, respectively. Blood samples of other non-Korean pigs were obtained from the commercial breeds imported to Korea for the purpose of meat production. All samples were chosen at random without consideration of the relationship within breeds. Genomic DNA was extracted from the EDTA stabilized blood samples as described by Maniatis et al . (1982) .
Amplified Fragment Length Polymorphisms (AFLP)-PCR AFLP analysis for the production and detection of EcoR I/ Taq I markers was performed as described in Ajmone-Marsan et al . (1997) . AFLP patterns were visualized by silver staining according to manufacturers standard protocols (Promega, WI, USA). The size of the amplified markers was determined by comparison with adjacent bands of 100 bp ladders. Three highly polymorphic AFLP primer pairs (E9/T5, E9/T2 and E2/ T3) were used for this study, which were selected from a larger number of combinations in preliminary screenings. These three primer pairs displayed clear PCR bands and revealed AFLP polymorphisms within and between the different pig breeds. Oligonucleotide sequences of adapters and selective primers used in this study were shown in Table 1 .
Data analysis Polymorphic fragments were scored as 1 for presence and 0 for absence across all the polymorphic loci to create a binary matrix. The genetic diversity within populations was quantified in three ways (Gaudeul et al ., 2000) : (1) the percentage of within-population polymorphic loci out of all the polymorphic loci; (2) Nei's (1973) expected heterozygosity (H E ), calculated assuming the population in the Hardy-Weinberg proportions; and (3) Shannon information index of phenotypic diversity (I) (Lewontin 1972 )
Where, Pi denotes allele or band frequencies at a given locus. Genetic diversity for each locus and for each primer combination was calculated separately and then these values were averaged. Only polymorphic markers were taken into account in all calculations. Calculations of these three diversity estimates were performed using the Popgene version 1.31 (Yeh et al ., 1997) . Correlation coefficients among the three different estimates were estimated using Pearson rank correlation coefficient (SAS, 2000) . The Popgene program was further used to calcu- Table 1 . Oligonucleotide adaptors and primers (Selective nucleotides are in bold) used in the AFLP analysis in this study.
late total genetic diversity (H T ), genetic diversity within population (H S ), proportion of total genetic diversity partitioned among population (G ST ) (Nei's, 1973) and Neis (1978) unbiased genetic distance. Genetic similarities among different breeds were calculated using two pairwise similarity indices: simple matching coefficient (SM) (Sokal and Sneath, 1963) and Jaccards coefficient (SJ) for qualitative data (Jackson et al ., 1989) ;
Where, A is the number of polymorphic DNA fragments common to both individuals, B is the number of fragments present in i and absent in j, C is the number of fragments present in j and absent in i and D is the number of fragments absent commonly in both individuals. The cophenetic correlation between the similarity matrix and the cophenetic matrix for each analysis was calculated and normalized by using the Mantel statistic Z option. The resultant similarity matrix was subjected to cluster analysis by the unweighted pair-group method analysis (UPGMA) and a dendrogram was constructed from the clustering results with the TREE program. Calculations of the similarity matrix and the cluster analysis were carried out using the computer program NTSYS-PC version 1.70 (Rohlf, 1992) . In order to obtain the geometric relationships among all the pig individuals sampled, a principal component analysis (PCA) was performed from molecular variation of AFLP data. The covariance matrices were computed from the binary data matrix of presence/absence. Then, the eigenvalues of all the principal components, the proportions of individual eigenvalues to the total variance (contribution rates of components), and the raw scores of the principal components for each individual were computed. Scatter plots of the score data were examined to visualize the geometric relationships among the individual pig samples. PCA analysis was performed using the XLSTAT program (Agresti, 1990; Saporta, 1991) .
RESULTS

AFLP patterns and genetic diversity
In order to evaluate the genetic diversity within and between the six commercial pig breeds, we tested three different AFLP Fig. 1 . Dendrogram constructed using the UPGMA analysis of Jaccard estimates of genetic similarity based on the binary data of polymorphic AFLP markers from the three primer combinations.
primer combinations on 54 individual pig samples belonging to the six breeds. These primer combinations yielded a total of 186 scorable bands, ranging from 100 to 500 nucleotides in length, representing an average of 62 scorable bands per primer combinations. 67 (36%) of these 186 were polymorphic either between or within populations, with an average of 23.3 markers per primer pair and a range between 16 and 32. Especially, E9/T2 and E2/T3 primer combinations produced AFLP banding patterns unique to the KNP and Yorkshire. One band (310 bp) identified in E9/T2 was present in all of the KNP examined, but not present in the other pig breeds. Also, two bands (318 bp and 320 bp) in E2/T3 were detected in Yorkshire only. However, to be utilized as breed specific markers, further survey for the larger number of samples is required. Averaged from three primer combinations, genetic diversity indices and total number of polymorphic bands within each pig breed are shown in Table 2 . Total number of polymorphic bands for each breed varied between 19 and 40 with the mean value of 25.8. The three estimates of genetic diversity were not significantly different among breeds (Mann-Whitney U-test), however these estimates were significantly correlated with each breed (pairwise Pearsons rank correlation coefficient; r = 0.998 ( P <0.0001) between Neis heterozygosity and the Shannon index, r = 0.936 ( P =0.006) between Neis heterozygosity and the percentage of polymorphic loci, r = 0.958 ( P= 0.0026) between the Shannon index and the percentage of polymorphic loci). From all the calculations, the lowest genetic diversity was exhibited in KNP, and the highest in the CYP. The other four pig breeds showed a moderate level of genetic diversity. Table 3 shows genetic diversity (H S and H T ), and genetic subdivision (G ST ) for each primer combination across all the six breeds. As expected, total gene diversity (H T ) was upper estimated compared with within-population genetic diversity (H S ). The genetic diversity values for each primer combination were very close and levels of apparent breed subdivision were considerable. Across all three markers, the mean G ST value was 0.390, indicating around 39% of the total genetic variation could be explained by breeds differences, while the remaining 61% was accounted for differences among individuals.
Genetic relationships A total of 67 polymorphic bands detected in this study were used to determine the genetic relationships within and between pair of each breed as well as between all the individuals. Genetic similarities among individuals were calculated using two similarity indices: simple matching coefficient and Jaccards coefficient for qualitative data. The two similarity matrices were highly correlated (r = 0.95, P = 0.001). The cophenetic correlation between the similarity matrix and the cophenetic matrix showed higher value in Jaccards similarity matrix (r = 0.780, P = 0.001) than in simple matching matrix (r = 0.748, P = 0.001). Jaccards genetic similarity values ranged between 0.433 and 0.769, with the mean value of 0.563 (Table 4) . On average, the similarity values within breed were higher than those between breeds (0.680 vs. 0.516). Considering the similarity within each breed, the highest similarity exhibited in the KNP (0.769) and the lowest similarity in the CYP (0.588). Neis unbiased genetic distance values between each pig pair ranged from 0.031 of the CYP-Landrace pair to 0.189 of the KNP-Yorkshire pair (Table 4) . Similarly, UPGMA tree obtained from the genetic distance revealed that the CYP and Landrace formed the most closely related cluster (with a bootstrap value of 93%) and the KNP formed a basal branch (Data not shown). A dendrogram illustrating the genetic similarity among individuals obtained from Jaccards coefficient is shown in Fig. 1 . In the dendrogram, all the individuals of the KNP were grouped together, forming the basal branch and individuals from the other breeds formed two major clusters. The entire group of the CYP, most individuals of Landrace, and one individual of Duroc formed one major cluster. The entire group of the JKP and Yorkshire, most individuals of Duroc and one individual of Landrace were grouped into another major cluster. The CYP and Landrace revealed fragmented patterns of clustering, having two separate groups and one singleton in the CYP and two separate groups and two singletons in Landrace respectively. However, all the individuals out of the KNP, the JKP and Yorkshire were grouped into their breeds.
In order to determine the geometric relationships among all the pig individuals sampled, we accomplished a principal component analysis. The first three dimensions accounted for 37% of the total variance in the data matrix. The first two dimensions (explaining 27.84% of the total variance) were used to display spatial representation of the individuals (Fig. 2) . In spite of overlapping among several individuals from the JKP and Duroc, the scatter plot confirmed the results obtained with the dendrogram of individuals. The KNP individuals formed the most distant group from the other five pig breeds. The CYP and Landrace showed relatively more scattered patterns among individuals, whereas individuals of Yorkshire were less scattered, forming a single entity.
DISCUSSION
In this study, an AFLP analysis using the three highly informative primer pairs permitted the identification of 67 polymorphic markers, occupying 36% of total scorable bands. Although no significant difference for the three estimates (percentage of polymorphic loci, Neis expected heterozygosity and Shannon index) of genetic diversity was observed among the six pig breeds, rank correlation of these estimates was highly significant for each breed. From all the calculations of genetic diversity, the KNP, the Black pig, showed the lowest level of genetic diversity among six pig breeds studied, while the CYP the highest one, coinciding with the results obtained from microsatellite analysis (Kim and Choi, 2002) . The levels of genetic diversity of the other four pig breeds are retained within both extremes. The dendrogram of individuals from Jaccards similarity index as well as the scatter plot from PCA analysis confirm the distinction of the KNP from the other five pig breeds. The results are in concordance with the breed history of the KNP, the Black pig. During last a few decades, several animal breeders and geneticists have put their efforts to establish genetic purity of the KNP as a unique genetic resource. They utilized a small pool of founder individuals for the restoration of the KNP. Thus, they have improved economic genetic traits and have standardized performance of the KNP (Yeo et al ., 1997 (Yeo et al ., , 2000 . Therefore, the KNP, the Black pig, has been genetically isolated. Consequently, it is likely that the KNP has experienced the loss of variation owing to genetic drift and/or reproductive isolation since his founding.
The G ST value across all markers indicates that 39% of the total genetic variation is due to breed differentiation. This is the higher value than the one (G ST = 0.11) found in Italian goat populations using AFLP analysis (AjmoneMarsan et al ., 2001) . Also, the value is relatively higher than those found in domestic animals from microsatellite analysis, e.g. 10% in European cattle breeds (MacHugh et al ., 1998) , 15.4% in North East Asian dogs (Kim et al ., 2001b) , 8% in horses (Canon et al ., 2000) , and 17% in goats (Saitbekova et al ., 1999) and 13% in Iberian pig breeds . The estimates of genetic diversity may differ depending on the types of markers applied and on the specific way in which indices were calculated (Allnutt et al ., 1999) . In addition, the estimates vary with species-specific traits such as life cycle, geographical range and mode of reproduction (Gaudeul et al ., 2000) . In this study, levels of apparent breed differentiation were considerable in pig breeds examined. It could be explained by complex contexts of population subdivision, e.g. genetic drift, quite different geographical origin, artificial selection of pig breeds examined and the effect of a bottleneck through the reproductive isolation of rare populations.
AFLP markers are usually assumed to be dominant. Because dominant homozygotes and heterozygotes are indistinguishable, allele frequencies cannot be calculated directly and within-population genetic structure such as F-statistics cannot be described. Thus, we must assume some genotype structure (e.g. Hardy-Weinberg proportions) in order to compute allele frequencies and amongpopulation differentiation. Therefore, AFLP data alone may give insufficient information in evaluating the genetic diversity of populations. Nevertheless, our results are consistent with results from the microsatellite data using the same pig breeds (Kim and Choi, 2002) . From the data, a considerable level of genetic subdivision between the KNP and the other breeds was observed, with F ST ranging between 0.202 and 0.362. In addition, based on expected mean heterozygosity, the lowest genetic diversity was exhibited in the KNP (H E =0.529), and the highest in the Chinese pig (H E =0.740). When the fixation index (F IS ) from microsatellite data was uti-lized by AFLP analysis, the estimate of genetic differentiation was not significantly different compared with when calculated assuming the population in the HardyWeinberg proportions (F IS =0), the absolute difference of G ST values estimated in both cases being 0.0017. Moreover, from the study of genetic diversity in an endangered alphine plant, the authors showed that AFLP analyses based either on the assumption of random-mating or on the complete selfing lead to very similar results (Gaudeul et al., 2000) . Therefore, in the case of no previous knowledge (e.g. available microsatellites) about genome of species examined, AFLP markers may be a valuable alternative for assessment of genetic variability and differentiation of populations.
Recently, there has been increasing interest in the use of AFLP markers for assigning breed identities to anonymous samples and for detecting breed specific markers. Although AFLP has been considered as an expensive and complex technique compared with microsatellites and RAPD, AFLP is a quick and reliable method to fingerprint the genome in search of specific polymorphisms. Ovilo et al. (2000) could identify breed specific markers even in the case of highly inbred pig populations. In our study, private markers unique to the KNP and Yorkshire were observed in two out of the three primer pairs examined. Moreover, UPGMA tree of individuals shows the possibility of using AFLP markers to discriminate the KNP from imported commercial pig samples. In conclusion, AFLP analysis may be a valuable tool for revealing genetic diversity and genetic relationships among different pig breeds and for developing breed specific markers.
